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Specification 

1. Title of the invention 

Method for the production of perylene-3, 4 , 9, 10- 
tetracarboxylic acid diimide 

2. Scope of the patent claims 

(1) A method for the production of perylene-3, 4 , 9, 10- 
tetracarboxylic acid diimide, characterised in that when 
perylene-3, 4, 9, 10-tetracarboxylic acid diimide is 
produced by condensing 1 , 8-naphthalimide using an alkali 
metal hydroxide with heating, and then oxidising, the 
condensation reaction is performed in the presence of a 
high-boiling solvent . 

(2) The method for the production of perylene-3 , 4 , 9 , 10- 
tetracarboxylic acid diimide according to Claim 1, where 
the oxidation is performed at the same time as the 
condensation reaction . 

(3) The method for the production of perylene-3, 4, 9, 10- 
tetracarboxylic acid diimide according to Claim 1, where 
the high-boiling solvent is an oil separated from coal 
tar or petroleum. 

(4) The method for the production of perylene-3, 4, 9, 10- 
tetracarboxylic acid diimide according to Claim 1, where 
the high-boiling solvent is an aprotic polar solvent. 

3. Detailed description of the invention 
Field of industrial use 

The present invention relates to a method for the 
production of perylene-3, 4, 9, 10-tetracarboxylic acid 
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diimide, which is an important intermediate in the field 
of dyes, pigments and electronic materials. 

Prior art 

Perylene-3, 4, 9, 10-tetracarboxylic acid diimide has long 
been known as an important starting material for the 
production of acenaphthene-based builder dyes, and 
recently it has received attention as a starting 
material for the production of optical organic 
materials. It is produced by coupling, (condensing) 1,8- 
naphthalimide by means of an alkali fusion reaction, 
then oxidising (BIOS FINAL REPORT Nr. 1487, 21, D.R.P. 
762357, 276956; Frdl . , 12, 492, 493, Journal of 
Industrial Chemistry 54, 479 (1951) , Japanese Unexamined 
Patent S59-205,376 G) . A method whereby the coupling 
reaction and the oxidation reaction are performed 
simultaneously in a single step has also been reported 
(Bur. Pat. 54, 806) . . 

Problems to be resolved by the invention 

However, with the conventional technology, a special 
reaction vessel is required because the product formed 
in the fusion reaction is a very high viscosity slurry, 
despite the use of a large excess of alkali with respect 
to the 1, 8-naphthalimide, and there are also problems 
such as the rapid deterioration of the reaction vessel. 
Moreover, because the reaction product is highly viscous 
when the condensation reaction product is separated from 
the alkali melt, high-temperature water must be added to 
the high concentration alkali solution, and so there are 
problems regarding safety during production. There is 
also the problem of treating a large excess of separated 
alkali as waste solution, and so forth. 
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As a result of diligent research into resolving the 
above-mentioned problems, the present inventors 
discovered that it is possible to produce perylene- 
3, 4, 9, 10-tetracarboxylic acid diimide by dispersing 1,8- 
naphthalimide in a high-boiling solvent, performing a 
condensation reaction using an alkali metal hydroxide, 
and oxidising. They also discovered that it is possible 
to recover and reuse the high-boiling solvent and the 
alkali metal hydroxide. 

The aim of the present invention is to provide a method 
for the economical production of a good yield of 
perylene-3, 4, 9, 10-carboxylic acid diimide from 1,8- 
naphthalimide by a highly safe production operation 
where it is relatively easy to perform the reaction 
continuously. 

Means of resolving the problems 

Specifically, the present invention is a method for 
producing perylene 3 , 4 , 9 , 10-tetracarboxylic acid diimide 
by adding a high-boiling solvent to 1 , 8^naphthalimide 
and an alkali metal hydroxide so that the reaction 
system forms a relatively low viscosity slurry, 
condensing by heating to a temperature at which 
condensation can proceed, and oxidising. 
The present invention is described in detail below. 
There are no particular limitations regarding the high- 
boiling solvent used in the present invention provided 
that it is not an acidic material that will hinder the 
condensation reaction, and that it is in the liquid 
phase under the reaction conditions, preferably having a 
boiling point of from 200 to 400°C, although it must be 
stable with respect to alkali metal hydroxide when 
heated. The high-boiling solvent is preferably an oil 
separated from coal tar or petroleum, or an aprotic 
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polar solvent. Nitrogen-containing aromatic compounds 
such as quinoline, quinaldine and isoquinoline, which 
have excellent thermal stability, and tar base oils 
containing these, are examples of oils separated from 
coal tar; in addition, methylnaphthalene and fractions 
containing it also have good thermal stability and are 
preferred. Kerosene and light oil are examples of oils 
separated from petroleum, and are particularly good. 
Obviously, it is also possible to use oils comprising 
only the compound that is the main structural component 
of these separated oils. 1 , 3-dimethyl-2-imidazolidinone, 
which has good thermal stability with respect to alkali 
metal hydroxides at high temperature, is preferred as a 
non-proton donating aprotic high-boiling solvent. It 
should be noted that these solvents are preferably 
treated beforehand to remove impurities such as 
substances that will hinder reaction with phenol or the 
like, and substances with poor thermal stability. The 
high-boiling solvent need not dissolve the starting 
materials such as the alkali metal hydroxide; the whole 
system should be in the form of a slurry comprising the 
starting materials dispersed in the high-boiling 
solvent . 

The amount of high-boiling solvent used should be from 2 
to 10 times the amount by weight of the 1,8- 
naphthalimide . If a much greater amount than necessary 
is used, the reaction time increases, there are more 
byproducts and the purity of the reaction product 
decreases. If too little solvent is used, the reaction 
mixture does not form a slurry and there is an 
insufficient decrease in viscosity. 

The alkali metal hydroxide used in the present invention 
is preferably potassium hydroxide or sodium hydroxide, 
and potassium hydroxide is particularly preferred. This 
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can be used in the form of a solid or an aqueous 
solution, and the amount of potassium hydroxide used is 
from 0.5 to 10 parts by weight , preferably from 2 to 5 
parts by weight, with respect to the 1, 8-naphthalimide . 
It is preferable to use the alkali metal hydroxide at a 
concentration of at least 80%, although it is also 
possible to perform the reaction using an aqueous 
solution of a concentration of around 50% while 
distilling off water from the reaction vessel. 
The present reaction is performed by heating a mixture 
of the reaction starting materials as described above, 
at a temperature of from 180 to 300 °C. If the reaction 
temperature is less than 180°C, the 1 , 8-naphthalimide 
conversion rate decreases. The reaction time depends on 
the amount of high-boiling solvent, the amount of alkali 
metal hydroxide and the reaction temperature, and is 
usually from 0.5 to 24 hours. 

The condensation reaction product is oxidised to 
perylene-3, 4,9, 10-tetracarboxylic acid diimide either 
after completion of the condensation reaction or at the 
same time as the condensation reaction. Specifically, 
after completion of the compensation reaction, solid- 
liquid separation is performed to isolate the perylene- 
3, 4 , 9, 10-tetracarboxylic acid diimide leuco form, which 
is then oxidised by a common method such as dispersing 
in water and bubbling air through, and the oxidation 
product is obtained by filtration, washed using water 
and organic solvent or the like, and dried to yield 
perylene-3, 4 , 9, 10-tetracarboxylic acid diimide; or, air- 
oxidation and separation by filtration are performed as 
the condensation reaction proceeds, and the product is 
washed using water and organic solvent, then dried to 
yield perylene-3, 4 , 9, 10-tetracarboxylic acid diimide. If 
the latter method is adopted, the condensation and 
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oxidation can be performed in a single step without 
separating the reaction mixture. In such cases, the 
oxidation can be performed after completion of the 
condensation reaction, or at the same time as the 
condensation reaction. In another method whereby 
oxidation is performed after completion of the 
condensation reaction, water is added prior to filtering 
to form an aqueous solution of alkali metal hydroxide, 
which is then filtered. 

The high-boiling solvent is easily recovered from the 
filtrate obtained on filtration, and it can be purified 
by distillation if necessary, then reused. It is also 
possible to recover the alkali metal hydroxide as an 
aqueous solution, and in such cases, a highly 
concentrated aqueous solution can be recovered by 
regulating the amount of water used during filtration 
and washing. The recovered aqueous solution of alkali 
metal hydroxide can be concentrated if necessary and 
reused. An oxygen-containing gas, preferably air, can be 
used as the oxidising agent used for the oxidation. 

Working examples 

The present invention is described below by means of 
working examples. It should be noted that in the working 
examples, % indicates % by weight. 

Working example 1 

60 g of 8 6% aqueous potassium hydroxide solution and 20 
g of 1, 8-naphthalimide were added to 120 g of a 
methylnaphthalene fraction (44 . 2% a-methylnaphthalene, 
22 . 9% p-methylnaphthalene, 26. 1% dimethylnaphthalene , 
2.3% quinoline, 2.3% acenaphthene, 2.2% fluorene) 
separated from coal tar, and the system was heated at 
230 °C and agitated for 10 hours. The temperature was 
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lowered to 60 °C and filtration was performed, and a 
large amount of water was used for washing to obtain the 
perylene-3, 4 , 9, 10-tetracarboxylic acid diimide leuco 
form, which was then oxidised by a common method 
involving dispersion in water and air-oxidation; the 
oxidation product was subjected to solid-liquid 
separation, washed using water, washed using methanol, 
then dried to yield 19.0 g of perylene-3 , 4 , 9 , 10- 
tetracarboxylic acid diimide. 

Working example 2 

60 g of 86% potassium hydroxide and 20 g of 1,8- 
naphthalimide were added to 120 g of a methylnaphthalene 
fraction, and the system was heated at 230 °C and 
agitated for 10 hours. The temperature was lowered to 
80°C, then 60 g of water were added, and the system was 
boiled for 30 minutes, filtered and washed using water 
to yield the perylene-3, 4, 9, 10-tetracarboxylic acid 
diimide leuco form. The potassium hydroxide was 
recovered as an aqueous solution from the filtrate, and 
the methylnaphthalene fraction was separated and 
recovered. The leuco form was washed using methanol, 
then air-oxidised by a common method, and the oxidation 
product was subjected to solid-liquid separation and 
washed using water. 18.8 g of perylene-3 , 4 , 9, 10- 
tetracarboxylic acid diimide were obtained on drying. 

Working example 3 

60 g of 86% potassium hydroxide and 20 g of 1,8- 
naphthalimide were added to 120 g of a methylnaphthalene 
fraction, and the reaction mixture obtained on heating 
at 220°C was agitated for 10 hours at 220°C while air 
was blown in at a rate of 140 ml/hour via an air 
aspiration pipe. The temperature was decreased to 80 °C, 
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then 60 g of water were added, and the system was boiled 
for 30 minutes, and filtered; the aqueous potassium 
hydroxide solution and the methylnaphthalene were 
separated and recovered from the filtrate. The filtered 
substance was washed using water, washed using methanol, 
then dried to yield 18.6 g of perylene-3, 4, 9, 10- 
tetracarboxylic acid diimide. 

Working example 4 

60 g of 86% potassium hydroxide and 20 g of 1,8- 
naphthalimide were added to 80 g of quinoline, and the 
reaction mixture was agitated for 12 hours at 210 °C. The 
temperature was decreased to 60 °C, then the quinoline 
was separated and recovered by filtration. The filtered 
substance was washed using water then washed using 
methanol to yield the perylene-3 , 4 , 9 , 10-tetracarboxylic 
acid diimide leuco form. This was then oxidised by a 
known method to yield 18.3 g of perylene-3, 4, 9, 10- 
tetracarboxylic acid diimide. 

Working- example 5 

60 g of 86% potassium hydroxide and 20 g of 1,8- 
naphthalimide were added to 80 g of 1 , 3-dimethyl-2- 
imidazolidinone, and the system was heated at 225°C and 
agitated for 6 hours. The system was returned to room 
temperature then filtered, and the 1, 3-dimethyl-2- 
imidazolidinone was recovered from the filtrate. The 
filtered substance was washed using a large amount of 
water to yield the perylene-3, 4 , 9 , 10-tetracarboxylic 
acid diimide leuco form. This was then oxidised by a 
known method to yield 18.8 g of perylene-3 , 4 , 9 , 10- 
tetracarboxylic acid diimide. 



Working example 6 
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120 g of 86% potassium hydroxide and 40 g of 1,8- 
naphthalimide were added to 320 g of 1 , 3-dimethyl-2- 
imidazolidinone, and the system was heated at 225°C and 
agitated for 6 hours. The temperature was lowered to 
170°C, then oxidation was allowed to proceed for 6 
hours, with agitation, while air was blown in at a rate 
of 100 ml/hour via an air aspiration pipe. The system 
was returned to room temperature, then filtered, and the 
1, 3-dimethyl-2-imidazolidinone was separated and 
recovered. The filtered substance was washed using water 
and dried to yield 37.8 g of perylene-3 , 4 , 9 , 10- 
tetracarboxylic acid diimide. 

Working example 7 

240 g of 86% potassium hydroxide and 80 g of 1,8- 
naphthalimide were added to 320 g of 1 , 3~dimethyl-2- 
imidazolidinone, and the system was heated at 225°C. The 
temperature was maintained and the system agitated for 6 
hours while air was blown in at a rate of 100 ml/hour. 
The system was returned to room temperature, then 
filtered, and the 1 , 3-dimethyl-2-imidazolidinone was 
separated and recovered. 240 g of water were added to 
the filtered substance, and this was boiled for 30 
minutes with agitation. Filtration was performed again, 
the potassium hydroxide was recovered from the filtrate 
as an aqueous solution, then washing and drying yielded 
75.1 g of perylene-3, 4, 9, 10-tetracarboxylic acid 

diimide . 

Working example 8 

30 g of 86% potassium hydroxide and 10 g of 1,8- 
naphthalimide were added to 60 g of kerosene and heated 
at 225 °C. The temperature was maintained and air was 
blown in at 100 ml/hour for 6 hours, with agitation. The 



11 



system was returned to room temperature, then filtered, 
and the kerosene was separated and recovered. 30 g of 
water were added to the filtered substance, and this was 
boiled for 30 minutes with agitation. The system was 
filtered and the potassium hydroxide was recovered from 
the filtrate as an aqueous solution, and the filtered 
substance was washed and dried to yield 9.4 g of 
perylene-3, 4, 9, 10-tetracarboxylic acid diimide. 

Advantages of the invention 

The method of the present invention involves subjecting 
1,8-naphthalimide and an alkali metal hydroxide to a 
condensation reaction in the presence of a high-boiling 
solvent to economically produce perylene-3 , 4 , 9, 10- 
tetracarboxylic acid diimide, which is used as an 
intermediate in the production of dyes, pigments, 
electronic materials and the like; moreover, this 
production method is safe to operate. 



Patent applicant Nippon Steel Chemical Co., Ltd. 
Agent Patent attorney Katsuo NARUSE (and 3 others) 
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